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PURPOSE: To determine if six weeks of plyometric training can improve an
athlete's agility. DESIGN AND SETTINGS: Subjects were divided into a
plyometric training and a control group. The plyometric training group participated in
a six week plyometric training program. The control group did not perform any
plyometric training techniques and were told to refrain from initiating any lower
extremity training program. SUBJECTS: Twenty eight subjects were randomly
assigned to 2 groups, a plyometric training group and a control group. Subjects were
at least 18 years of age, free of lower extremity injuries, and were not involved in any
type of plyometric training. MEASUREMENTS: All subjects participated in three
agility tests: T-test, Illinois Agility Test, and Force Plate both pre and post testing.
RESULTS: The repeated measures ANOVA revealed a significant group by test
interaction for all three agility tests that were done. CONCLUSIONS: The results of
this study show that plyometric training can be an effective training technique to
improve an athlete's agility. PRACTICAL APPLICATIONS: Plyometric training
can be implemented into training by coaches in order to improve an athlete's agility.
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INTRODUCTION
Plyometrics is a training technique used by athletes in all types of sports to
increase strength and explosiveness 1• Plyometrics consists of a rapid stretching of a
muscle (eccentric action) immediately followed by a concentric or shortening action
of the same muscle. 2 The stored elastic energy within the muscle is used to produce
more force than can be provided by a concentric action alone. 3-9 Researchers have
shown that plyometric training when used with a periodized strength-training
program can contribute to improvements in vertical jump performance, acceleration,
leg strength, muscular power, increased joint awareness, and overall
proprioception.' ·9-28
Plyometric drills usually involve stopping, starting, and changing directions in
an explosive manner. These changes of direction may be categorized as agility
exercises. 29 Agility is the ability to rapidly change directions without loss of speed,
balance, and body control. The ability to combine muscle and explosive strength,
balance, acceleration, and deceleration determines agility. 29-35 Agility training is a re
enforcement of motor programming through neuromuscular conditioning and neural
adaptation. 36• 37•38 As movement occurs, the Central Nervous System decides which
muscles are recruited and the sequence to be contracted. Improved performance in
tests of agility should be one goal of a plyometric program, since plyometrics are
aimed at reducing the amount of time spent on the ground in preparation for
movement. 39.4°

Although plyometric training has been shown to increase performance
variables, little information is available to determine its effects on agility. Sports that
require quick changes of direction may benefit from plyometrics because they utilize
maximal explosiveness. Therefore, the purpose of this study was to determine if a 6week plyometric training program has a positive effect on agility.
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RESEARCH METHODS
Subjects
Twenty-eight subjects (19 men, 9 women) volunteered to participate in this
study. The subjects were randomly assigned to two groups, a plyometric training
group and a control group (Table 1). Subjects were at least 18 years of age, free of
lower extremity injuries, and were not involved in any type of plyometric training at
the time of the study. All subjects agreed not to change or increase their current
exercise habits. The plyometric training group participated in a 6-week training
program performing a variety of plyometric exercises designed for the lower body
(Table 2), while the control group did not participate in any plyometric exercises. All
subjects were instructed to perform activities of normal daily living and told not to
start any lower body strengthening programs during the 6-week period of this study.
The study procedures and guidelines were presented orally and in written form to the
subjects before their participation in this study. If the subject agreed to participate in
the study they signed an institutionally approved consent form. The study was
approved by the Human Subjects Institutional Review Board of Western Michigan
University.
Design
A 6-week plyometric training program was developed using two training
sessions per week. The training program was based on recommendations of intensity
and volume from Piper and Erdmann41 , using similar drills, sets, and repetitions.
From a physiological and psychological standpoint, four to six weeks of high
intensity power training is an optimal length of time for the CNS to be stressed
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without excessive strain or fatigue. 10 It is the belief of some sports physiologists that
neuromuscular adaptations contributing to explosive power occur early in the power
cycle. 10 Plyometrics were only performed twice per week to allow for sufficient
recovery between workouts. This protocol is the standard training format followed
by power athletes. 10 Training volume ranged from 90 foot contacts to 140 foot
contacts per session while the intensity of the exercises increased for five weeks
before tapering off during week six (Table 2). The intensity of training was tapered
so that fatigue would not be a factor during post-testing. The subjects were instructed
to perform each exercise to their maximal ability. The plyometric training group
trained at the same time of day, two days a week, throughout the study. During the
training, all subjects were under direct supervision and were instructed on how to
perform each exercise.
Three agility tests, conducted both pre and post training, were used to
determine agility outcomes. The T-Test (Figure 1), one of the most commonly used
agility tests, was used to determine speed with directional changes. The Illinois
agility test (Figure 2) was used to determine the ability to accelerate, decelerate, tum
in different directions, and run at different angles. Finally, a force plate test (Figure
3) was used to measure reaction time (time spent on and off the ground). This test
was created to mimic the dot drill which is commonly used in agility training. The
only difference is that this was basically a dot drill done in a manner that allowed us
to record time spent on and off the ground. These tests were selected based upon
established criteria data for males and females and because of their reported validity
and reproducibility of the tests.
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Testing Procedures
Prior to training, all subjects had their baseline agility tested, using the three
agility tests previously mentioned. Total testing time was approximately one hour for
each subject. Each of the three tests were explained and demonstrated. Before
testing, subjects were given practice runs to become familiar with the testing
procedures. All tests were counterbalanced pre and post testing to ensure that testing
effects were minimized. Each subject performed each test 3 times, and averages were
taken. For the force plate test, the time spent on the ground was added, and then the
totals of the three trials were added and an average was taken.

Statistical Analysis
A 2X3 way analysis of variance (ANOVA) with repeated measures was used
to detem1ine statistical differences. The factors used in the analysis were Group
(Control vs. Plyometric Training) and Test (Pre-Test vs. Post-Test) A Scheffe post
hoc test was used if significant main effects were found. Significance was established
a priori at p < 0.05. The Statistical Package for Social Science (version 11.0:
Chicago, Ill) was used to calculate the statistics. All values are expressed as means
(M) ± standard deviations (SD) (Table 3).

5

RESULTS
The means and standard deviations for times of the groups for all three agility
tests are provided in Table 3. The repeated measures ANOVA revealed a significant
group by test interaction F 1,25 = 46.12, p=.000, P = .999 for the T-test agility measure.
For the Illinois Agility test a significant group by test interaction F 1,25 =44.23, p =
.000,

p = .999 was found. A significant group by test interaction F 1,25 = 16.19, p =

.0000,

p = .971 was found for the Force Plate test.
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DISCUSSION
In the past, plyometric training has been used primarily for the purpose of
increasing strength and explosiveness. 1 Plyometrics reduces the time spent on the
ground in preparation for movement by rapidly changing directions without loss of
speed, therefore improving agility. 29 Plyometrics are most effective when the athlete
develops brief ground contacts during movements. When movement time is
shortened athletes become quicker at starting and changing direction, 1 •30•39 and as a
result , they may become more agile. The change of direction is also a key component
to agility. Stone 39 suggests that increases in power and efficiency due to plyometrics
may increase agility training objectives. He stated that agility should be one goal of a
plyometric program, since they are aimed at reducing the time spent on the ground
preparing to move.
We specifically used three different agility tests designed to measure different
movements. The T-Test combines forward sprinting, left and right side shuffling, and
backpedaling. The Illinois Agility Test combines the ability to quickly get up, sprint
forward, turn around cones, as well as weave between them. Finally, the Force Plate
test deals with the ability to quickly change directions while hopping. This test
requires that the athlete stay balanced in order to shift their body weight in several
different directions.
Roper 29 used a four-point drill, which is very similar to the agility test we
implemented using the force plate. We chose to use a force plate test to determine the
time spent on the ground preparing to change direction, which is a major component
of agility. Roper found that the relationship between plyometric exercise and
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increased performance in agility tests may be high due to their similar patterns of
movement to facilitate power and movement efficiency but also balance,
coordination, and agility as well. 29 Our results support Roper's claims that a
plyometric training program can decrease agility reaction times.
In a study of tennis players, Parsons used similar drills including the T-drill in
testing agility as well as the dot drill to determine speed and agility. Parsons found
that the players became quicker and more agile; enabling them to get to more balls
and be more effective tennis players. 35 Renfro 42 measured agility using the T-drill
with plyometric training. Results showed improvements in agility, but didn't specify
whether the changes were significant. Other studies have tried to find the relationship
between straight sprinting speed and agility. 42 Pauole48 found significant correlations
between performance in an agility T test and 40-yard spring time in both men and
women. Buttifat, Graham49 and Young50 found no correlations between sprinting and
agility tests whereas Draper, Lancaster51, and Mayehew52 found low common
variances between tests. 46 In the current study, subjects who underwent plyometric
training were able to improve their times significantly on both the t-test and Illinois
Agility Test. Therefore, we found a positive relationship between plyometric training
and an improvement of both agility tests.
Another component important for agility training is responding to directional
order. Without knowing the direction of movements, athletes simply respond or react
to improve coordination between the CNS signal and proprioceptive feedback,
relating to the concept of neural adaptation. 38 By finding significant differences for
all three agility tests, our results indicate that the plyometric training improved agility
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and improved neural adaptation. For the T-test, times were improved by 4.86%, for
the Illinois agility test, 2.93%, and for the Force plate, subjects improved their time
by over 10%. Though there have been some other studies which discussed the
relationship between plyometrics and agility, this study has data that shows promising
results. However, even though our study shows a consistent relationship between
plyometrics and agility, training designed to increase power to enhance agility in
sports remains unclear. Therefore, more studies are needed to determine this
phenomenon.
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CONCLUSION
The results from our study are very encouraging and demonstrate the benefits
plyometric training can have on agility. Not only can athletes use plyometrics to
break the monotony of training, but they can also improve their strength and
explosiveness while working to become more agile. Even though the increases we
found are significant, the improvements are quite small. However, in sports such as
football, baseball, and basketball, such small differences can have huge effects on
performance. The findings of our study may be beneficial to health care professionals
and coaches who are looking for alternative ways to help their athlete's improve their
agility. In addition, our results support that improvements in agility can occur in as
little as 6 weeks of plyometric training which can be useful during the last preparatory
phase before in-season competition.
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THE EFFECT OF A 6 WEEK PLYOMETRIC TRAINING PROGRAM ON
AGILITY
HSIRB APPLICATION
Michael G. Miller, Ph.D
Jeremy J. Herniman, BS, ATC

Principal Investigator/Faculty Advisor:
Student Investigator:

Project Description
Plyometrics is a training technique used by athletes in all types of sports to
increase strength and explosiveness. Plyometrics consists of a rapid pre-stretching of
a muscle during an eccentric action immediately followed by a concentric or
shortening action of the same muscle (Baechle, 1994). A muscle, when stretched,
stores elastic energy for a brief period of time. In plyometrics the stored elastic
energy within the muscle is used to help the concentric contraction in order to
produce more force than what can be provided just by doing a concentric action
(Miller, Berry, Bullard, and Gilders, 2002). Therefore, a quick stretch followed by a
shortening of a muscle produces a greater force.
Research has shown that athletes who use plyometric exercises are better able
to increase acceleration and power (Miller et al., 2002). Sports that require speed
with strength can benefit form plyometric training. An example of some plyometric
drills are box jumps, hops, bounds, and shock movements (Baechle, 1994).
Plyometric training when used with a periodized strength-training program has been
shown to contribute improvements in vertical jump height, leg strength, power,
increased joint awareness, and overall proprioception (Miller et al.). Plyometric drills
that include changes of direction may be categorized as agility exercises. Likewise,
agility drills performed with maximal explosiveness may be classified as plyometric
exercises. (Roper, 1998).
Agility is the ability to rapidly change directions without loss of speed,
balance, and body control. The ability to combine muscle strength, starting strength,
explosive strength, balance, acceleration, and deceleration determines agility. (Roper,
1998) Agility training is essentially a re-enforcement of motor programming through
neuromuscular conditioning. This means that the more a movement is repeated, the
better the athlete gets at it. (Cook, 2003) This involves the principal of neural
adaptation. When a person moves, they decide on a movement pattern, then the CNS
decides what muscles are needed and in what sequence they should be contracted.
Once the basic pattern is in place, the CNS can make adjustments by changing the
number of muscle fibers involved or the frequency of their stimulation. Therefore,
the more you practice a movement the better you get. (Craig, 2004). It has been
suggested that plyometrics should be used to develop strength, agility, and quicker
reaction time. (Stone, 1984) Improved performance in tests of agility should be one
goal of a plyometric program, since plyometrics are aimed at reducing the number of
time spent on the ground in preparing to move. The next movement could be in the
same direction or in an infinite number of possible directions. (Read, 1996). Due to
the definitions of these types of training, the relationship between plyometric exercise
and increased performance in agility tests may be high. (Roper, 1998).
16

Many studies have concluded that land plyometrics do increase speed
strength. However, very little has been researched on plyometrics and their effect on
agility. This study will attempt to prove that plyometric training will have a positive
correlation on agility test results.

Methods of Analysis
The research for this study will be conducted in biomechanics laboratory
located in the Student Recreation Center (SRC) on Western Michigan University's
campus. Approximately 40 subjects will be selected for participation. All subjects
will have their agility tested, using 3 agility tests, the T test, the Illinois Agility test,
and an agility test using force plates. (see appendix A to see diagrams and
explanations) Each subject will be allowed to practice the tests before their time is
recorded. During testing, only one subject will be allowed in the lab at a time.
Subjects will be divided into two groups: control group, and plyometric training
group. There will be approximately 15-20 subjects per group. The subjects will meet
at their respected times for 20-30 minutes, twice a week for 6 weeks. Subjects will
perform selected plyometric drills for the lower body for a 6-week training period
(sec attached to see week by week breakdown of drills). All subjects will be under
direct supervision while performing plyometric drills. Unlike the testing, all subjects,
in the training group only, will be doing the training together. That way, drills only
need to be demonstrated once or twice, not for every subject. The control group will
not perform any plyometric drills during the 6-week training period. The control
group will be instructed to perfom1 activities of normal daily living and not to start
any lower body strengthening programs for the 6-week period. Pre and post training
measurements will be taken on each subject to assess their agility.
Benefits
In this study, subjects will gain knowledge on plyometric training. Plyometric
training can hopefully become a part of their regular physical conditioning.
Plyometric training has been shown to have positive effects on explosive strength.
However, in addition to strength subjects who take part in the plyometric training
program may also improve their agility. This will help them to change directions
without loss of speed, and will help them to improve their balance and overall body
control. Therefore, taking part in this study may be beneficial to all subjects who are
in the training group, especially those who participate in sports, which require good
agility to be successful. There are no benefits for the control group except that they
will become aware of their agility status and they will be informed of the results of
t�e study.
Subject Selection

40 subjects will be selected to participate in this study. Subjects must be
healthy Western Michigan University students, faculty, or staff who are injury free in
the lower extremities for a period of one month and must be 18 years or older. All
17

subjects selected will not be currently performing any plyometric activities. All
subjects selected will be told not to change their current exercise habits and not to
increase their exercise habits. The subjects will be randomly assigned to one of two
groups: a plyometric training group, or the control group. This will be done prior to
the testing so that subjects don't feel as though their performance determined their
placement. If a subject is placed in the control group they will not participate in the
plyometric training portion of the protocol. Every subject has a 50% chance of being
placed in the control group. An introductory meeting will be held for all interested
candidates to explain the purpose and procedures of the study. Included is a script of
what will be read to them at this meeting. (Appendix 13) At this time, a PAR-Q form
will be given to those who want to participate in the study. Anyone who is no longer
interested will not take the PAR-Q. (see attached). If subjects answer yes to any of
the questions they will be excluded from the study because they are not fit to
participate in physical activity. These subjects will be informed that they must be
excluded from the study in private. There is a script attached of what will be read to
those who answer yes to any of the questions. (Appendix C). Subjects will sign a
consent form prior to any training. This would conclude the first meeting. So, the
first meeting would figure out who is interested, then, who is healthy enough to
participate. By the end of this meeting, the subjects for this study would be found,
and they would randomly be assigned to their group. Finally, we would also have
s1.1bjects sign up for timc;s when they could come in and do their testing. Once testing
is completed, we would set up the first training session. This would be for the
training group only. All those in the control group would not be required to attend
any meetings until post-training, when they will need to come in for additional agility
testing. At the beginning of the training session, the subjects will be shown the types
of plyometric drills to be performed that day and how to correctly perform these
drills. Subjects will be told to wear shorts and shoes with good soles and support.
Also, subjects would be asked to wear the same footwear for the entirety of the study.
Subjects will not be compensated for their participation. Flyers for participation will
be poste<l on campus, specifically at the Student Recreation Center, the Bronco Mall,
and Sindc-cuse Health Center. Phone numbers and e-mail addresses are offered for
potential subjects to contact. The flyers generally describe the qualifications for
prospective subjects, some benefits of plyometric activities, and person to contact if
interested (see attached flyer). If this study proves to be effective, we may look at
giving those from the control group who feel they would benefit from the plyometric
training a chance to do so.
Risks

P!yometric training may cause Delayed Onset Muscle Soreness (DOMS).
DOMS will usually appear between 24-48 hours after exercise. As in any training
program muscle soreness will occur. To prevent injuries and reduce the possibilities
of such, it has been suggested that individuals be introduced to plyometrics slowly
and increase according to acclimation (Baechle, 1994 & Chu, 1998). The attached
training program is specifically designed to increase gradually over the course of the
study to decrease the effects of DOMS. Studies have shown that proper plyometric
training can be performed with no injuries, even in untrained individuals. As with
18

any physical activity, there is a risk of injury. Some other less common injuries
associated with plyometric training are ankle sprains, shin splints, and patellar
tendonitis (Chu, 1998). These are the same types of injuries which would be most
likely during the agility testing as well. The chance that one of these injuries will
occur is rare, but if one does occur, there will be at least one Certified Athletic
Trainer on hand who knows how to deal with these injuries. If needed, subjects wi11
be referred for medical attention to the Sindecuse Health Center. The subject should
also be aware of the total duration of the study (6 weeks). Therefore, participation
will be a time commitment on the part of the subject. If other concerns or any
significant new finding affecting the risk to the subject arises, all subjects wi11 be
notified immediately via a phone call. If needed, a meeting will be set up to discuss
options ( eg. possible termination from study).
Protection For Subjects
All paiticipants will be taught the correct and proper way to perform the
exercises by the researchers (Jeremy Hemiman, Dr. Mike Miller, and Dr. Mark
Ricard) prior to the beginning of each training session. During training all subjects
will be supervised. Time will be given to practice the exercises before the study
begins. The exercise will progress in difficulty as the study goes on and therefore
decreasing the risk of injury to occur. By starting with lower degree of difficulty
(lower intensity) it gives the subjects a chance to get comfortable with the types of
exercises they are performing. To prevent injuries and reduce the possibilities of such,
it has been suggested that individuals be introduced to plyometrics slowly and
increase according to acclimation (Baechle, 1994 & Chu, 1998). The attached
training program is specifically designed to increase gradually over the course of the
study to decrease the effects of DOMS. Subject privacy and confidentiality wi11 be
maintained at all times throughout the course of this study. During testing sessions in
the Biomechanics laboratory, subjects may wear comfortable clothing. Only one
subject will be allowed in the laboratory at a time for testing. Investigators will
attempt to schedule testing times accordingly in order to allow enough time in
between each subject.
Follow Up Care:
As stated above, in the event that injury occurs from the exercises
(pa1ticipants should consult with Jeremy Hemiman, who is a certified athletic trainer
(phone number 269-806-30 09 or at jh_erniman@hotmail.com). Appropriate treatment
will be gjven in regards to muscle soreness or injury with ice and heat based on the
individual by a certified Athletic Trainer. If further medical care is needed, the
participants will be referred to the Sindecuse Health Center. A11 subjects are
encouraged to be open about their concerns to the investigator.
Confidentiality of Data
All subjects wi11 have their privacy protected under HIPAA regulations and
the Sindecuse Health Center privacy of practice procedure. Only the investigators
will have access to the information. The data and results from this study will be
presented or published in scientific/medical journals, but the subject's name wi11 not
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accompany it. All subjects will receive a case number used for recording purposes.
Papers and files will be labeled with thi-s code number and will be stored in a locked
cabinet for at least 3 years in the Health, Physical Education, and Recreation
Department.
Instrumentation
Data will be collected on all subjects prior to the start and at the end of the
plyometric training to determine agility status. The subjects will be required to
perform 3 agility tests, a T-Test, the Illinois agility test, and an agility test using a
force-plate (see attached). To time these tests, an infrared beam will be used and it
will serve as the trigger to start and end the timing. This is much more accurate than
a stopwatch and that is why it will be used. After collecting the data, subjects will be
randomly assigned to one of the two groups and begin their 6-week plyometric
training program. The plyometric training program will start with low volume
plyometric drills (90 foot contacts) during week 1 and progressively increase to
medium volume (120 foot contacts) for weeks 2 and 3, and then to high volume (140
foot contacts) for weeks 4 and 5, before decreasing back to medium volume for the
final week. The training will be conducted in the biomechanics lab in the SRC during
assigned times. The plyometric training will be conducted two times a week. It will
take approximately 20-30 minutes to perform the plyometric regimen per individual.
No serious injuries are anticipated but if subjects become injured two of the three
researchers are c�rtified athletic trainers who would care for the injuries. After
completion of the 6-week training program, the same measurements performed pre
training will be collected again.
Data Analysis
Repeated measures ANOVA will be used to see if there is significant
difference between the times in the three agility tests before and after the training.
Comparisons will also be made in order to see if there is more improvement with the
plyometric training group than with the control group.
Informed Consent Process:
Interested, eligible participants will have an opportunity, at the end of the
informational meeting, to meet with the investigator in order to sign a consent form.
They will be read the document aloud and will have the opportunity to ask questions
and voice concerns. If further information is requested pertaining to the testing and
training, the investigator will read the training and testing scripts in appendix B. A
signature on the consent form indicates that the subject has been presented with all
information regarding the study and has agreed to participate. Before signing, each
subject will have been informed of what they will be expected to do if they
participate, benefits, risks, and rights. If anyone has any additional questions, I would
be happy to answer them before they sign the consent form.
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Appendix B
HUMAN SUBJECTS INSTITUTIONAL REVIEW BOARD CONSENT FORM
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Western Michigan University
Department of Health, Physical Education, and Recreation
Written Informed Consent
1. Study Title: The effects of plyometric training on agility.
2

Investigator(s):
Primary Investigators:
Michael G. Miller, EdD, ATC, CSCS
Mark Ricard, PhD
Student Investigator:
Jeremy Hemiman, ATC

3. Subjects: Healthy Western Michigan University students, faculty, or staff who are
injury free in the lower extremities for a period of one month and
are18 years or older. Subjects must not be currently training with
plyometrics.
4. Purpose of this study: This study is for the purpose of Jeremy Hemiman's thesis
to determine the effects plyometric training on agility. Plyometrics is a training
technique used by athletes in all types of sports to increase strength and
explosiveness. Research has shown that athletes who use plyometric exercises are
better able to increase acceleration and power (Miller et al., 2002). Plyometric drills
that include changes of direction may be categorized as agility exercises. (Roper,
1998). Agility is the ability to rapidly change directions without loss of speed,
balance, and body control. It has been suggested that plyometrics should be used to
develop strength, agility, and quicker reaction time. (Stone, 1984) Improved
performance in tests of agility should be one goal of a plyometric program, since
plyometrics are aimed at reducing the number of time spent on the ground in
preparing to move. Due to the definitions of these types of training, the relationship
between plyometric exercise and increased performance in agility tests may be high.
(Roper, 1998). Very little has been researched on plyometrics and their effect on
agility. This study will attempt to prove that plyometric training will have a positive
correlation on agility test results.
5. What you will be asked to do if you participate in this study:
You will be asked to attend a preliminary meeting where the plyometric Uump
training) project will be explained and demonstrated. At this meeting you will also be
informed of your roles and responsibilities along with the possible risks and benefits
of this study. After this informational meeting, if you are still interested you will be
asked to take a PAR-Q. This is a standardized form used to determine if you are
healthy enough to participate. If you meet all the criteria and agree to be in the study,
you will randomly be assigned to one of the two groups. You will either be in the
plyometric training group (will meet in lab twice a week for 6 weeks for training) or
the control group (only needs to take part in pre and post agility testing). You will
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have a 50% chance of being in the control group. If you are in the control group, you
will be informed that you don't get to go through the plyometric training exercises.
Before you begin, your agility will be tested using 3 agility tests. This is done
regardless of which group you were randomly placed in. During testing, only one
subject will be allowed in the lab at a time. Once you are assigned to a group, you
will begin a 6-week plyometric regimen. The plyometric training program will start
with low volume plyometric drills (90 foot contacts) during week 1 and progressively
increase to medium volume (120 foot contacts) for weeks 2 and 3, and then to high
volume (140 foot contacts) for weeks 4 and 5, before decreasing back to medium
volume for the final week. Foot contacts are simply how many times your feet will
make contact with the ground during a drill. (Example: If you do 4 hops, your feet
touch the ground 4 times.) The training will take place 2 times a week for 20-30
minutes. Training consists of exercises such as side to side ankle hops, cone hops,
standing jump and reach, double leg hops, and lateral jump with a single leg. Prior to
each training session, each exercise will be explained and demonstrated. You will
also be given a chance to practice each exercise.
If you are in the control group you will not perform any plyometric activities or drills
during the 6-week training period. You will be told to perform activities of normal
daily living.
After the completion of the 6-week plyometric regimen, the same measurements
performed during the pre-training will be collected again. You will not be
compensated for participation in this study.
6. Possible risks of your participation in this study: With plyometric training
Delayed Onset Muscle Soreness (DOMS) can occur. DOMS usually appears 24-48
hours after exercise and is the major risk associated with plyometric training. As in
all research, there may be unforeseen risks to the participant. If an accidental injury
occurs, appropriate emergency measures will be taken; however, no compensation or
additional treatment will be made available to you except as other wise stated in this
consent form. If during the study, you develop an injury to the lower body that will
prevent you from jumping or moving in a normal manner you will be excluded you
from the study. The investigators will provide basic first aid (ice and stretching
procedures to limit soreness). All other injuries will be referred to Sindecuse Health
Center.
7. Possible benefits of your participation in this study:The major contribution of
plyometiic training is developing the ability to generate maximal power in a
movement. In this study, you might increase leg strength, power, and agility.
Therefore, your agility level may increase, and your leg strength and explosiveness
will improve. Explosiveness is a person's ability to start moving, or change direction
as quickly as possible. Instead of taking time to get moving, plyometrics helps them
to explode at tlte start. There are no benefits for the control group except that they
will become aware of their agility status and they will be informed of the results of
the study. These types of performance gains can be beneficial to activities such as
basketball, volleyball, football, jumping, and sprinting.
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8. Your rights concerning this stndv:
a.) You have the right not to participate in this study, and you are free to withdraw
at any time with0ut prejudice or penalty. Refusal to participate will not affect your
grade or academic status. If you discontinue participation, you have the right to
withdr�w your data as well.
b.) Your privacy will be protected under HIPAA regulations and the
Sindecuse Health Center privacy of practice procedure. Only the investigators will
have access to the information. The data and results from this study will be presented
or published in scientific/medical journals, but your name will not accompany it.
You will receive a case number used for recording purposes. Papers and files will be
labeled with this code number and will be stored in a locked cabinet for at least 3
years in the Health, Physical Education, and Recreation Department. The data and
results from this study will
be presented or published in scientific/medical journals but your name will not be
included in anything.
As in all research, there may be unforeseen risks to the participant. If an accidental
injury occurs, appropriate emergency measures will be taken; however, no
compensation or additional treatment will be made available to you except as
otherwise stated in this consent form.
If you have any problems, questions, or complications/injury from this study, you are
instructed to contact Dr. Mike Miller, at 269-387-2728 or
michael.g.miller@wmich.edu or Jeremy Herniman, at 269-806-3009 or
jhemiman@hotmail.com. The participant may also contact the Chair, Human
Subjects Institutional Review Board (387-8293) or the Vice President for Research
(387-8298) if questions or problems arise during the course of the study. You are
making a decision whether or not to participate . Your signature indicates that you
have decided to participate having read the information provided above.
This consent document has been approved for use for one year by the Human
Subjects Institutional Review Board (HSIRB) as indicated by the stamped date and
signature of the board chair in the upper right comer. Do not participate in this study
if the stmnped date is older than one year.
Subject's Name (Print)
Signature (Subject)

Date

Si gnature (P1incipal Investigator)

Date
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Appendix C
HUMAN SUBJECTS INSTITUTIONAL REVIEW BOARD APPROVAL
LETTER
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Human Subjects Institutional Review Board

Date: December 6, 2004
To:

Michael Miller, Principal Investigator
Mark Ricard, Co-Principal Investigator
Jeremy Hemiman, Student Investigator for thesis

From: Amy Naugle, Ph.D., Interim�
Re:

J�

HSIRB Project Number: 04-11-09

This letter will serve as confirmation that your research project entitled "The Effect of a
Six-week Plyometric Training Program on a Subject's Agility" has been approved under
the full category of review by the Human Subjects Institutional Review Board. The
conditions and duration of this approval are specified in the Policies of Western Michigan
University. You may now begin to implement the research as described in the
application.
Please note that you may only conduct this research exactly in the form it was approved.
You must seek specific board approval for any changes in this project. You must also
seek reapproval if the project extends beyond the termination date noted below. In
addition if there are any unanticipated adverse reactions or unanticipated events
associated with the conduct of this research, you should immediately suspend the project
and contact the Chair of the HSIRB for consultation.
The Board wishes you success in the pursuit of your research goals.
Approval Termination:

November 17, 2005
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Walwood Hall, Kalamazoo, Ml 49008-5456

Appendix D
HEALTH HISTORY QUESTIONNAIRE
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Par-Q Questionnaire
Please read the questions carefully and answer each one honestly. Check YES or NO.
YES

NO

1. Has your doctor ever said that you have a heart
condition and that you should only do physical activity
recommended by a doctor?
2. Do you feel pain in your chest when you do physical
activity?
3. In the past month, have you had chest pain when you
were not doing physical activity?
4. Do you lose your balance because of dizziness or do you
ever lose consciousness?
5. Do you have a bone or joint problem that could be made
worse by a change in your physical activity?
6. Is your doctor currently prescribing dmgs for your blood
pressure or heart condition?
7. Do you kn0w of any other reason you should not do
physical activity?

I have read, understood, and completed this questionnaire. Any questions I had were
answered to my full satisfaction. I am aware that ifl do not meet the inclusion
criteria for this study I will not be permitted to participate. However, I understand I
will receive no penalty, risk of loss of service I would otherwise receive or negative
affects on me or my status in class if I do not meet inclusion criteria.
Name - - - ------

Date ------------

Signature __________

Witness - - - ------
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TABLE 1. Demographic Data
Control Group

Training Group

Number

n = 14

n = 14

Males

n = 10

n=9

Females

n=4

n=5

Age

24.21 ± 4.77 years

22.29 ± 3.06 years

Height

170.0 ± 10.0 cm

175.44 ± 8.56 cm

Weight

81.22 ± 21.09 kg

80.10 ± 14.92 kg
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TABLE2. Plyometric6-week training protocol
Training
Week
Week 1

Training Plyometric
Volume Drill
(foot
contacts)
90
Side to side ankle hops
Standing jump and reach
Front cone hops

Sets X
Reps

Training
Intensity

2X 15
2X 15
5X6

Low
Low
Low

Week2

120

Side to side ankle hops
Standing long jump
Lateral jump over barrier
Double leg hops

2X 15
5X6
2X 15
5X6

Low
Low
Medium
Medium

Week3

120

Side to side ankle hops
Standing long jump
Lateral jump over barrier
Double leg hops
Lateral cone hops

2X 12
4X6
2X 12
3X8
2X 12

Low
Low
Medium
Medium
Medium

Week4

140

Diagonal cone hops
Standing long jump with lateral
sprint
Lateral cone hops
Single leg bounding
Lateral jump single leg

4X8
4X8

Low
Medium

2X 12
4X7
4X6

Medium
High
High

Diagonal cone hops
Standing long jump with lateral
sprint
Lateral cone hops
Cone hops with 180 degree tum
Single leg bounding
Lateral jump single leg

2X7
4X7

Low
Medium

4X7
4X7
4X7
2X7

Medium
Medium
High
High

Diagonal cone hops
Hexagon drill
Cone hops with change of
direction sprint
Double leg hops
Lateral jump single leg

2X 12
2X 12
4X6

Low
Low
Medium

3X8
4X6

Medium
High

Week5

Week6

140

120
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TABLE 3. Means±Standard Deviations for the 3 Agility Measures
PRE
AGILITYTEST
POST
T-Test
12.13*±1.ll
12.75±0.96
Training
12.61±1.08
12.61±1.07
Control
Illinois Agility Test
Training

17.09±1.69

16.59*±1.60

Control

16.5±0.95

16.51±0.91

Force Plate
Training

256.89±28.21 230.52*±37.17

Control

233.08±20.63 232.1±20.65

*Values were significant at the .05 level
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Figure 1. T-Test Procedures
Three cones are set five meters apart on a straight line. A fourth cone is placed 10
meters from the middle cone so that the cones form a T.
•
•
•
•
•
•
•
•

Athlete starts at the base of the "T"
Examiner gives signal to go and when athlete crosses the photocell the time
begins.
Athlete runs to middle cone and touches it.
Athlete side steps 5 meters to the left cone and touches it.
Athlete side steps 10 meters to the far cone and touches that one.
Athlete side steps 5 meters back to the middle cone and touches it.
Athlete runs 10 meters backwards and touches the cone at the base of the T.
Time stops when athlete crosses the photocell.

l
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Figure 2. Illinois Agility Test Procedures
•
•
•
•
•
•
•
•
•

Test is set up with four cones fo1ming the agility area (10 meters long x 5
meters wide). Cone at point A, marking the start
Cone at B & C to mark the turning spots
Cone at point D to mark the finish.
Place four cones in the center of the testing area 3.3 meters apart.
Start lying face down with the hands at shoulder level.
On the "go" command, athlete begins and time-starts when they cross the
photocells.
Get up and run the course in the set path (left to right or right to left).
On the tum spots B and C, be sure to touch the cones with your hand.
Trial is complete when you cross the finish line and when no cones are
knocked over.
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Figure 3. Force Plate Agility Procedures
■
■
■
■
■

•

Athlete starts in the center force plate.
Athlete balances on dominant leg.
Athlete jumps from center forward and back to the center
Then to the right and back to the center
Then backwards and back to the center
Then left and back to center

Force Plate - going clockwise on dominant foot.
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